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1 

X^©y-MC»lK3n. lWEM2©MOS Y-7>zSZ 

■htur-i *- mmntttmm 1 ©mo s h ? 
Ate. y-f:*— HSissnfcMos \-vyv7.9<mm 
t sajEEssiisajEtii* t Lit z. t zmtrzmn 

©it?da6?ii8s«!i/fc«a'&-a-ftW©»-&-a-*J:r;-9-'fXSr 

<»fe&mmmb-/ti8.Gittk.mz&^T, memos 
>?x ^mssskic h >j s yym t a-X£&tts c 

tt*£ LfclWW 1 E8©**P«IE5E±II1&. 
[S*«4] Ml, 82, M3©Ml$Mt£!MOSh7 
>;>X*©7-X£Ml©*ifldai*U Ml. M2, 
M3©y-l-£M2©Ml£®S!MOS h5>-^X^© 
Hl"f>SS8RU »H)|l»ttMOSh?^ 

^©Fi"f >tcy-f F&sssnfcM i ©M 2 

MOS h9>i?X^ft»&M2©*jRt©WlC)B^|Rlfc 
8KU IWEMl©M2»fBSMOSh9>^^oy 
-b£M2©M23MHSMOS F-7>i>X*©y- h£ 
tttL. B9fiM2©M22*«MMOSh?>^X*©y 
-X LTM 2 ©MiEldSlKU HW>*M 

EM2©Ml#«39MOS h?>^©HW>K8 
MU tteM3®Ml«MMM0Sh?>y:%j'®Pl' 

•f >£y-f *- mmtitdg z <r>m 2 »«aMo s b 

7>yx*©FW>-y-hfc88U MEM3©M 
2MMMM0S h?>^x^v-^«M20«IK:MM 

u a 6 ir mem 3 ©8 2 *msMo sh? >$>x ?y 

-He, V-XSM2©«jglcgaLfcM4©M2^e 
HMOS b5>^X*©y-h£8S«?U HEM4©M 

2 sssiMo s h 7>^x^ h w t-rsjEM 

KMC. ^-f*-H«MSti&MOSh9>^^OM 
WMM»«U&M*£b-afWS*ttML. MBftftlC* 

4 E«©gipsjEE?&£i5i!S. 

[M&M6] Ml. M2©Ml««S!MOS h^>i?x 

<l:0ttMl. tteMntttt3nfcMOSh?>3?Xjr<!> 
FK >M*>U<ttV-XM©M0Sh5>-;>X*«« 



(2) ftffl¥6-16 1580 

M«a 4 E«©s«paE%*iEiK. 

[M**7] filai5*^«tttM2©M2*«S!MOS 

h 7 >i? x * v-x t ©ra©E«s £&«93<fctflffi©m^ 

*<5»#«4 EMroSlPMEBS-iaM. 
[MM 8] Ml, M2 0Ml»*SMOSh5>5?X 
*SHS»S.fc«&©MlSI««MOS b7>i?X*i: 
fca-X»«»«r*B«**«*±t^0>M*IM* 
20 63/-^Hl/fcCi*W»tr*IWWI4e««!>»M 
JEEKilslB. 

[M**9] MM*Eia*E«*S«*±tf«l©»^E 
»*>6->-^HLtCtS«f»i:'r5a**4E«©S 

[M*M 1 0 ] M 2 ©«EtM 2 ©M 1 «mS!MO S h 
5 >97>9 F l"f >fflCM 5 ©M 2 S b 5 > 
JJX*£ISW. Ml©M2««SMOSh7>-^X^y 
-bSteS^atSlllK©ffi*(c<fcO, MEM 5 ©M 2 

^ t1*S»*3B4E«©SJpmff 56*1318. 

[M*Mll] Ml©Ml*SS!MOS h7>^X^H 
L"f >&M2®Ml9MiSMOS h7>W?HH> 
t©WICM6©M2*Sa!MOS h7>>>X*£8tt, 

tr 5B*« 4 E«©*?mE%4isi«s. 

[0 00 1] 

50 [0 0 02] 

[«*©Sffi] i£¥, *M#MMEMTtt. ^11^^- 

ESS*C§llrtiJ-r©lcaLfc«E^fiTbTtTV» 
•5. Jinfc?ifUTffifflSfiT©«!SME*rr*^T*5 
I*, ^©fc»rtaWENgfttcfc0^y^g?T©lUES 
fiTF3li"0>S. i©«k5/j:K£E[sl?STttS«PME^± 

[0 0 0 3] ftM®MM«EX£MM&Hl OCk-T 
40 (^Ba63-244217^«) . 01 OlC^ri^lC. M 

i m icm^vcc^ 5 y-f *- HSifiis n& P SMO S b 
7>^x^pioo.P2oo<£iaj»itcs:ft, psmos v?> 

>>X^P200ty7>HGND©WICNSMOS h^Vv'X 
^N100&B5tJlCS«1-S. M2?JICtt€NDA^^ H 
ftlKSnfeNSMOS h7>> > X^N300,N200£ii[^»C 
K»t. NSMOS h7>^X^N200tVCC©ffllCPSM 

os h7>^x^P3oosii?!iica8rrs. nsjmos b 

7>^X^N100©y- biNSMOS h7>v'X?N200 
50 SBEVRBP" t^S. PSMOS h7>vX^P300©y- 
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(3) 
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4 



saws, -rfc^t, mi5u©m**v-Hioo*^L. 

PgMOS h7>-^^P300CDy- H©AAfcfcDSS2 
^©ffl* fcfSffl b. -Hm 2 ?DWtii^*V - F200*:fr b 
NSIMOS h7>xX^N100®y- b©A:*jifr»), S§ 

oTt^*. flAfi, 01 OfcfcHT. £M0Sh7>S?X 

YREF* =2*VTN*(l+2*(Wp*Wn/W 2 ) 0 • 5 

[0 0 0 5] a*@ffittJAVREF' » (ftl) T^bfci 
3fc#*©h9>5>**©y-h«TWi£T*. UOSh 

mjg«BE (VCC) >SSfcgipftEtH* (VRBF 1 ) -VTN+ 
2 *VTP 

LT-fetfcZ. 20 
[0 0 06] 

[^w^ftLi^t-rsRaa coj^e. pi!, n 

SMOS h5>5>X*©L£Htt£fflV>. IMXICkD 
*©S$SE*fSfilrfcfcT#S^ra8&©Sipt*JES5 
*®*Stt, **«ffi©KV»flBT*WIEfc*rr*ttaF 

ttS$«ff?5£©S$<!:fcSPS, NS£4©N0Sh5> 
i>X*©L*tttt«ffifcfi*tt#tt#*D. BSUfctt 
*OJ6»«««ttTr*. £©fc© OKI) 
9K»«»fcttaW«ElH*WBP'WKTr*. *©S 30 

"C»S. H«*T»**J:3K2 8«IC»T3. 30V 
AtlOOJlTll3. 15Vfc, 7 5«©ja«SM:C»U 
TO. 15V, 4. 5»ffiTUTt>5. CO&jftMS. 

*fctt7VWX©*»^*±*S**fc»IMrc*:> 

[0 0 07] 

[fflS*»*-rsfc*©^a] ±E®s*»ft-rsfc® 

9X9 C «t D*©«W«W4ft*IE©a**#tt* 

»?ett«BKP9Mos h5>^7^t«fco«««n 
EttTffi*-rsrts#at-r<b'fe©-t?»s. 

[00 08] 

[flsffi] ±B*j*KJ:0, Slp«£E©iaffitt#tt*afi 
CRjrrscfcftflfte&tt!). *»W©S*«I*ffl^ 

H»**©±JW*8A*«MI*tt©*fcV>¥»fl* SO 



sh5>i>x*©u*v»«*m ^SiS^s&k'D, P3 
oo©y-Kss»p, Nioo©y- hti&wo, fis©Nosh7 

<g«T»ft£-tt-£fc. SIpSffiffl*VREP , 14, (ftl) 
[0004] 

[ftl] 

)+2*(Wp*k' p/W/k'n)°- 5 *YTP 

*«©5Vw*xe-H©ttT**Mi"r*a 
aMfc#tt©#p«E*$S£T* c 1 t> nrrc*s. 

[0009] 

mmm) $r, *isw©s*mEf64iEiK©^ 1 ©* 

[0 0 10] *®SStt±^< 20©^Py^J;«3«lj*S 

ig 1 fc PSMO S h 7 y'J7,9 fc J: o tMstutftae 
B2«fc9ftr). ftffil§K2fc58a-rs«EE&2$«£Efc 

LTtfl^-rs. nj#©tH^-r5«8Sfii©iE©iiaf 
tt#ttfc. «#©*»fcOT*i»a*EE©ft©«*tt# 

ttlC J: 0 fc UT©fi«tt#ttt*ir ^-fe^UflKft 
#1t©«»T^ftH»P«E»ft|BWHeil*UTV>*. 

ftsssjg i a&ttt* 3 &«mi©«E^juftxirr 

•5@B4J;Dfc5. 

[0 0 11] tfjMtMRSOBHmffsRl^^TB 1 * 

aiBKTi&O. H>P3#&*©&«MKHftft'Vfc 
5. NfiMOS h5>^^Nl,N2ICj;D*U->h55 
-SMI/, £ ©# U > h 5 h' 
SiKSftfcPSMOS h9>3ttjrriiPtttt3tlT£ 

o, ^©y-hm&irio^iaisnspsMos 

fc*USnTV>». *fc. HH>WNIMOSh5 
>>?X^H2©HW>WICSBBSnTV^. NSUMOS 

cn*t)fe«8fBS 3 ©tu* fcfc-5. 
[0 0 12] «8M©«El''a'tX&'r«BIMtt£ 
SfflK3©ttirt£, PUMOS h7>-^X3'P3 > P4lCj; 
0 VCCBBBlcM&Snfc* l"> h 5 ^-OAfcFJBC 
PfflMOSM»yx^P4HI/-f>J:DSE«* 

[0 0 13] I:©H»IC*V»T. £MOS 
***l<B*CW|iS*. NfflMOSh5>S?X^m.H2. 
N3* ir/PSMO S h 9 >*JX9n, P4©5 7-tfc£5t 
©fl8m^©fc©ICl : 1 : lfcitfl : lfcUfcR, ft 
«SS£iKl©ffl* I0B (ft 2) ©,t5ic#Ae.ns. 

[00 14] 
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(4) #M¥6-161580 
5 6 

[82] 

10 = R ~ 2 .* ( (1/0 ,) 0 - 5 -(1/0 2 ) 0 5 ) 2 



0 1'. PUMOS h 5 > *Pl©#J®$j!8[ 

[ooi5] sfc*#isi»2 tt^^-- Ksasu&pi! * Litm®%o&e!ZZZ.xn.z. *©«s©gi?«EE 

MOS h7>^X*P5M>8©jIM^88!Ufct>©Ti& 10 ffl^VREFIi (83) -C5A6ftS. 
-5. [0 0 17] 

[0016] 4-(8#©&»k, yit- mt&bfcmv [83] 

VREF= n * ( 10/(3 ) 0 5 + n * VTP 

0 : n fjt£«ta?5R$0ll?S© PfiMO S OflJfStSHC 

VTP: PSMO S b 9 > V* * © 1/ t mfi«ffi*S*jft 

[0018] (82) (S3) ±DS*SJEffl*VKEF© * [0 0 1 9] 
iC$»<t (84) <D£5\Zf£Z>. X20 [84] 

VBEF= (VREFO-n * VTP0) / ( « R (T ) * « e it> ) + n * a vtp<t> * VTP0 



VREFO : 25«T?©giJS«l£SBt#0l 

«„,t) : £«T8^©ffiffitt©lg^1*£fc?-£»©25ffi©gJn1I«C*! 

a Deri : iSSTST-© PIMO S h5>i?X^©?U^®!R5:^bTt» 
©25g©iPJft&8k:*t1- si&aftft 

fe » © e 5 s © l. s v > ts m ee ic *r 1- 6 si s & a 

[0 0 2 0] (84) ©Sg2«»PgM0Sh7>i>X* $f£t (85) . (86) . (87) ©.fcSKfc*. 
©U^^fl«ff©«T»Sfc*ft©iafitt#ttS:»oT (85) (r»^5oi<.ttif©«^fifiift:««Sffl^«)^ 

fco. ft^ffl©a»n^v>n^*#<a5wt^t) t«toa?t)5. $&, pmuoshyyvxznmnte 

ft*. J|l«ttPI!M0Sr^>>>X*©fimfc8©ii£ »©iaStt#tttt*-;i^fiS©iiAft#tttiDSIS 

#8£ffita#©^«8©«©iS8«T<&0. tfcUffi 40 fc£D (86) «k5tJS0, LSV>ffi«E©a«tt#tt 

ffl}©a»n^Wiif/ha<! l 5:5Ct*tt)^<b. tt (87) ©.fc^tc&S. 

[0 0 2 1] CCr (84) ©fi«t#, PSMOS [0 0 2 2] 

>S>X*©fiJ#AS8©)a»8. Pl!MOSh5>^^© [85] 

t # ufa®ff ©-E-n^n ic»-rstaft©tt#<t*-*ifi 

1 / o r<t) = 1 + a ro* (T-25) 



(5) #Ri¥6-16 1 58 0 

7 8 
[0 0 2 3] * * [»6] 

1/«b<t>=1+4. 9 3*10" 3 * (T-25) 

(0024] * * [&7] 

a vtp(T) =VTP0- 2. 0*10" 3 * (T-25) 



(0 0 2 5] (»4) ~ (R7) SfflHT. SSSJEtiJ 
rtVREF©Sg£&£W§lC«fc0y77fcbfcfc®#S2 
~04Tft>5, &*©B"Caio£/t7;l-*fci:D. 0 
«I:M©PIM0S h?>5>X*©H«*lft, 2 J0 
& 3a««S!l/&l^*^L&'b©T»S. 2 5S 

-C©Stp«KVMF0a3. 3 V. PMMOS f^VvX* 

[0 0 2 6] &glC#^SJSiafc£{fc$aioJ&WTft 

2a. 3at«^stw^n. sgizafiVREF©^* 

tti«'>U 3aTttffitt««fl^Soio*«0"C*^Tt)ft 
©&£&#«:£&£. jaat^TSSttffl^t^aio^ 
4. 0*10-' der ! T»i. a»tUTS/jN(0n=llw 

4. .0*10" 6 deg-'ggftaN^xJMgtffcirSffl^ 

[0 0 2 7] iHi»iSI^$fiU)SH-^nfc#'J>"J3 

>£fii©ffiancffT5ffi£ifi£fl:$a,»B:o. 43*1 

0-« der'8S"e*0. aiotfO. 5*10"' deg"'© 

a»^2aTlil 0 OS^iETVREF^fi+0. 2 Vg 
£, 3aTttVRBFaMi-0. 15Vg«<!:&0. 50 

©a&ffi^©iaK««*t-c^n«<t^ci:*tt)^5. % 
Bfc 2 at 3ftM»3Ma^©*w*»fttftt*i* 

3*lfcMOSfflh?>5>**fc. ^'fsf-MttMSttfc 
MOSfflh9>5>X*82fW*l»8Wfc'bfl!>fc. IS 

[0 0 2 8] B5ICtt9lfklKM6sah9^7^®£ 
flB*JP5, P6:fifiWP7&tfGffl)fll©ftffiP8© P 5!MO S h 7 40 
>5?X*©flJ1ifi*8Jtj8L:/3R: 0 £0:1:1, 0.938:0.15 
6:1, 0.988:0.06:1. 0.995:0.04:1, 0.999:0.02:11:1/ 

7**?. 2 5flrC©iftj£Slp«£E, LtUffiSBEttft 
iHaUTft*. 2 0 LOMffM Jt«*«T < ft 

3ftft*OWE«#ttfc]BtJWTW<Cfc««t>*»«. P 
5!M0Sh7VS>X^©iPJmS«it 3L : 0R : J3 *» 
0.995 : 0.04 :1 K4$V»T 0K*»6 1 5 0S©ttBfc 
fel-»TVREF*tt*»2 0mVHrt©ffi»TSfitt#ttcO^ SO 



[0 0 2 9] C©±^C#«J5'U3>«tt*flV»T. til 

&MOSah7>i?X^«ttmtU»:fl«f««ittU 

[0 0 3 0] #3H60fttt. MOS h7>v>X*N3, P3 
ft^LTP4*6««88Silfl*UTt>**». PSMOSf- 

«(D%JR]9>ft6n«. tfcP, N<D*m«XiCl/MO 
S h9>*X*P3$KMOS b9>S>X*l;:.fc0gij£3 
tl^»SEBLTt>Ra©*MWM»Sn*. 
[0 0 3 1] *5SW©S*PSEEfS4l3lK©^2©SliSS^ 
I^V>T, H6*»V»TliWr«. H31©SI£«SJ©Affi 
B*2T?BPfflMOS h7>^X^©*T«^nTV» 

*#«. *^Jfi«n?tt*ri5S*tka-X£»iAfcfe©-e 

-yhfc. HgfRSnfcPffiMOS 
*fcfca-X*JHWM*tfc:i=y hSttftftattKL 

-H»ttu&paMosh7>^^©isaE?i©a*'& 
t>*. f-©u-'fx©n«s-r*iittJ:D, safe#tt 

g»7&ttlC© t a-X£ Iz-fHTf h U 5 >y-f* 
Hill«fc0, PgMOS h9>J>X*©fi3fc*!l©a-& 

*, *»«iMXft*flsstt. fttt*BEtt*<fctf*©ffl 

[0 0 3 2] *$B9!©»MffiB±lHltt©»3©*ii« 

$ i ©fijSsw©5e«85JS**j«-raNi!Mo s b?>~j 

X*in,N2flW**HP*lNfflMOS h9>S>X?Nla~Nl 
d,N2a~N2dK:«HSttT*0, Nib — Nld. N2b~N2d©N 

smos h9>fx^*n-fn«>HM >*c»ha- 

XFla~Flc. P2a~F2c#&JK3ftTV>.5. unttrt W> 
K5?-«#WELTV>5/-FHH. /-H2fl3©MO 
S h9>5>X*"!HXJt*. ta-XFla~Flc,F2a~F2 

e*h«J5>if-r6J:ifc«fc0S5-tke*fl:s*. a 

««i«]0©WS*»T$4J:5ICbfefc©Tft4. gllpx 
WX^7^-?S)8HT, ta-XHJS>?«b© 
S^OIMXRirU -?x/N-l8*it». Ig»7^ 
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SICJfcbT t jL-XFla~Flc,P2a~P2cSaS[ h 'J 3 > 

£9Cb£ttitI0tttt*U -tnCffs^S*«ffiVRBF*tpi 
"Ft*. y-H2fi5<Ota-X*hU5>^-r5 

D» Igtf^#l;:J;£g$mE©£ito<&oTt>. 

[0 0 3 3] *S^O**«E*4Ih1KO»4©*JI«'J 
fct^T. S8£#!Lfc*ti&iR?l3-r.5. *BBTCtt, 
8 1 ©£«W©£«iSSE3 *«jfcr*l3KfcfiiKSAIS 
ffl©X?-F7vXll]&5;0mbn3ttTV:>*. MOSF 
J^XWl, P2, HI. H2\Z ± 0«*Stl5 /- 
Flffl. /-F2fl^5fc©I0aWl£££&<5«£fc 
«EjW?nT£££fc*«£© 2 :?©£££#&.!&. * 
IB»Ttty-Hl«fcKn*««S, PSMOSh7> 
vX*Pl£;frl'>h35-$il£attfcPSMOS F5> 
i>X*P9<>:, ^<tf-K&8H3ft)tNgMOS 
X*li#N4KJ;oTliiJ£Sn5^>A*-*Tfc$I]b. « 

£:frbT/-F2fc38if£aabii*, #b>F35-8i 
«dnTUSNS!MOS h5>^X^Nl,N2®y-M 
#£±#3*, Nlh^vX^fcONttffifc?-*. £© 
CilCtO/'-F 1©«EjW8TU PS!M0Sh7> 
5>X*Pl*K>N^5i£KP^MOS h5>xX:?P2, 
P9#ONttS8ifcS. P&MOS h7>^X*P2#0N 
left* r t J: 0. / - F 2 icWftiPttft&tt J: 5 Kft 

5. ~#PaMOSh9>?;**P9#OKlC&:«C2:C 
PSMOS f>7>^X^P10?&^bTy-H2tC 

»naww*3»»ji:*o, K5g©«8iioT7 * - f a? 0 

[0 0 3 4] *SSB©glp!SE«±lll8©3g5©*i£{s| 

* i ©^J6W©«®85K3 zm&tz®%\zm&m 
Atfta. 0+fflSftio#af£nT£e.-$\ wren®** 

fctt, ^-H10*ttttVCC-VIPBLL y-F2©S& 
tiVTNETFTi&D, ffl*«JBEVREPB0VTJb5. !!©& 
», P$!MOS P5>5>X*PllttONttJ&i&P, / 
-Fl*6/-H2^fiMtftl/&». *b>FS7- 
tt«SnTV»<SNSMOS H5>yX^Nl,N2©y-h 

© c t / - H i #6 y - F 2 fc««t£fflt b&tj c t \z 

*0y-Pl©ttEE*»ffiTU PiMOSh7>-W 
PltfONU SSICPffiMOS h?>yX*P2**ONtt 



(6) 4WF6-1 6 1 580 

JO 

c:©J:ttcJ;DffieSKiE3©7^-HA , ^i' 

*n* t y - f i ©«&«ffiT u-*m*«EVREPtt± 

BT*. d©&»«jB«£E^5 i A<X'«-'fXfct»J;5*t 
PSMOS h-7>-^X^P12{iOFFttJ8feL<ttOF 
FKmzE-3<. PSMOS P7>^X^P12©D--TX 

H 1 tssm©«Es*^ 

<&2>Z\Uz£K). fiEffl«E«HT©P«!MOS h7> 
?X*P12t*bTKn««NttmiOCJfc«4>fe< b 
iff T*5£, W*tffiYOTIctJ«***.&v>J:SIELT*< 

[0 0 3 5] *£W©S¥£E«±[hIB©86©*S&09 
fc^HT. HI OSfflHTRWT*. y 
- F 1 Ifctf N$!MO S F 7 >v>X*Nlb~Nlc© F W > 
* 6 *n-6n t a — X*Fla~Plcvff < &M\Z F SI 
a. SlbS JlU ffltm&Zten&HSSa&s-Jl' HSR* 
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